
Rec'd PCT/PTO 2 8 APR 2005 

PC^U03/01409 



REC '° f 7 NOV 2003 



wipo 



PCT 



Patent Office 
Canberra 



I, JANENE PEISKER TEAM LEADER EXAMINATION SUPPORT AND 
SALES hereby certify that annexed is a true copy of the Provisional specification 
in connection with Application No. 2002952446 for a patent by UCC ENERGY 
PTY LIMITED as filed on 01 November 2002. 



WITNESS my hand this 
Tenth day of November 2003 

JANENE PEISKER 

TEAM LEADER EXAMINATION 

SUPPORT AND SALES 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



EjEST AVAILABLE COPY 




"N - a : . <:> ^ 



... < - AW ... ^s.v,.... . ...., w ..,. . . s .a. ■■• ..., www .v.v> .~- 



Regulation 3JZ... 



* ' ::• :•:->.. . . > \ • 



.% • >.-.<. x:\ ..w -"v' -•>.••:«>■ 

-> - - ^. .«> • ■ -:: :- . - : ::-»:•:::-• ■ .. . ✓>•*-;- >: . . ........ ..... ..... ..•>.,.* -. ..... | 

. w *•«•.-- , ..... .... ... A . ....... . . ... w . ...... ........ A . ,, ... . Aw!> . . - w ..| 

:..:rr... Australia - . • • • • — ••••• • 



• v5v. vv-%" • 



Pm&is Act 1990 



...... 



s . ...... 



PROVISIONAL SPECIFICATION 



invention title: Prdce^ forBem 



The invention is described in the following statement: 



.-.::>■-- ■•■ 



Freeh ills Sydney\004284291 



Printed 1 November 2002 (10:29) pagol 




*-*.-* ... 



004277775 . ... 



* ... ... . - ..^ : % 



•<> . . < • - — :■ . .... .. : 



7 Proyisionai specification 
Process for demineralising coal 
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The present invention relates to a process for demineralizing coal. .', . .." 

Background of the invention - • 

Several methods have been described in the literature for producing demineralized 
or low-ash . coal , for fixel and other industrial applications, but none, have achieved, 
-sustained commetcial.iise;'' / * - : " ■* 

A pzoc^ss 'yStas (developed in Gennany during the 1940's for ^moving ash-forming 
mineral matter from physically cleaned black coal concentrates, involving heating ^ the 
coal as! a paste ^ with; aqueous alkali ^lutibn^^pUtfw^: by solid/liquid s^^tip^ ;^cid 
washing and -water wastring steps. R^orts c>n this process detail a practical chemical 
di^nitiex^lizing.. m^hc^. *' Qex&i^^racX|ce lslu»^|gd" .tQ^t *a" 'deK&wec^^d:7^al . wiQi"}s^i ash 
yield of 0^28% could be produced from a physically cleaned feed coal which had an 
initial ash yield of 0,8%; 

: The\walVall<ali feed;paste was stirred at 4Q° - 50°C for 30 ^ 
through a heat exchanger to a continuously operable gas-heated tubular reactor in which 
M$P&&&&£^sp& tdfa ji^pttetiite of: 250°C fpf 20 mintit^ lOQ- 
200 atmospheres ( 10-20MP lihe reaction mixture was then passed through the heat 
exchanger previously m order to transfer; heat to the in^mihg. feed; then 

cooled ^ furtfier in a water-cooled heat exchanger; - . 

— The cooled paste was diluted with softened water; then centrifuged to separate and 
recover tfie alkaline , solution and the alkalized coal. The latter was dispelled to 5% 
^W*5^Wpnc- acid, then centrifii^ed to recover the acidified coal and spent acid and * 
redispersed in waier. The coal w^ fUt^ed from this slurry, dispersed agaiain [ another lot . 
of water and centrifuged to recover the resulting low-ash coal as a damp solid product 

■'; American and hldiaq; r^esrohers used broadly similar chemical methods, with 
variations in processing details,Vto. produce low-ash coals from o&W feed coals, most of 
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•~ - • - (a) ^x^^ 

"7". ~'V!$^*&H^ 

' " **■ ■ " - ..v%.- . wv .. . ....... .... .... w . ....... . ... AVW .......... ... . .......... .......... 

5 -7 » - (b) - Juration orce^ spent . allaline 

leachant, either at the reaction temperature or after rapid cooling to less 

• • * • • ■ . . ...... ....... . .. . .... v . 

than? 100°C, to; order to; miiumise the formation of undi^ired constituents, 
presumably sodalite or similar compounds: 

v ,. . .( c ) Application of fte process to low-^rank coals which dissolve in the alkali 

i° arid which can b^reprecipita^ matter, 
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aspects of alKaliri^ ^ extraction of sulphur 
and minerals; including the relative merits of different aUcalis- Most American work h^ 
;be^i dix^^at ^e;^ fl^:me^lia: el^^s/ and* t&e acid 

treatment step is often omitted. However, an American group (at Alcoa) has chemically 
cleaned coal to less than 0.1% ash ^era/cphclto large ^ reductions and Ipw 



final 



ik The: aim 
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■ ' ^M to /produce very pure c$*l suitable for cbhyeision into electrc^e Icarbpn for the 
aluminium industry. This was achieved by leaching powdered coal with hot aqueous 

' "■ " ■■ ••'■■* - " •• ■■■ • .• ..• ....... . ....... ... .......... ... .. . . ,\3 ........ 

, .ft(m;$»c^^ly witt^ dqufe*?vs sulphuric ; 
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acid and aqueous nitric acid at 70?-95SC. > ■ ■ 

Australian patrat no/592640 (and corresponding TJS- patent no. 4,936,045) 
describes a process for the preparation of demtoetalized coaK This process includes the . 
following steps: . - .... A .1 ... 

> - (a) forming a slurry of ;coaJ [ p^iclesi preferably at least 50% ^ bjr weight of 
; which particles have a ^ mfiaiirium dimension of 

aqueous -solution ofwal^ 

5 to 30% b^ wei^ su^ has an alkali solution to coal ratio 

on a weight basis of at least 1 :1; 
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(b) ; • m ate^er^ 

- : ^'i7^(^tO"S0?Q'&r a^eribd of fibm 2 to 20 minutes stostentially under ^ 

*• tempera^of fes Am 100^6;: .!!" ?. Jir'r.rV' w " T 77.?" .,.,V' . * 

(c) s^aratiiig the slurry into alkalized coal and a spent alkali leachant 
'..'J., solution; "7. \'\.. .7 '7 .77 , \ 7; * 



(d> = regen^fog the al^ 

v .;M4itipn c^fciiim of magnesium oxide or hydroxide thereto to 
— precipitate minerals therefrom; . , 7 

10 (P), acidifying the alkalized coal by treatment with an aqueous solution of 

■77 ~ sulphuric or sulphurous acid to ^ 

1.5 and a conductivity of from 10,000 to 100^000 /*s; 

(f) 7,.' separating the slunyiutb acidified ^ coal and a spent acid and a spjent acid 
leachant solution; and ." '■ • ""7*7 

15 (g) washing the acidified coal. 

Although the process described in Australian patent iiov; 592640 can produce a 
demineralized coal product having on ash content of less; I thm.1.% by weight and as low 
as 0:50% by weight; significant opportunities arise if the ash content can be reduced to 
even lower levels. If the ash level can be reduced to levels even Tower than that achieved 

20 in Austrahan patent no; 592640, the demineralized coal product may be used as a fuel 
directly fired into a ^ gas; turbine^ In this, use, the demineralized coal cbiSd replace natural . 
gas as a fuel for the gas turbine. Such demineralized coal could also be used as an 
alternative to. heavy fuel .oilsJand as a high purity carbon source for the production of 
metallurgical recarbonisers, carbon electrodes for aluminium production and alternative 

25 reduptants for high purity silicon manufacture.. The contehfe of US; patent no 4,936,045 
are herein incorporated by cross-reference. 
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Summary of the invention 

: jto for denmeralizm^ coal 
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... comprising:.- 

• . v v( a ) forming "a- slurry of coal particles : in- an- alkali solutions-said- slurry 
...... **" 7 cimtaih^ 7 ^ 

(b) maintaining the: slurry at a temperature^ of 220-250°C under a. pressure 
v 7 sufficient to prevent boiling; 

(c) sep^ 

(d) forming an ..acidified " sliiny of the alkalized to slurry 
w ; having a pH;of;0.5^1^; ; - 

: ,(e) r . . s% irating the acidified slurry ; into a., coal^ontaining faction and a. 
substantially liquid fraction; - • 

1 (0 ?: Objecting the poal-containing fraction to a hydrpthermal- washing step in 
which the coal-containing fraction is mixed with water and a pbiar organic 
solvent or water and an organic acid to form a mixture: and 

.(g) \- separating ttie coal from th£i!W* 

The coal that is provided to step (a) is suitably a medium to coal, most : 

suitably -a bituminous; coal;-; . - , 

. Ttipj coal " that* * is ;;prbyided to step (a) pifeferably has a total minonal. content 
generally in the range of 2-15% by weight. More preferably> the mineral content of the 
stotild bie as low; jas possible; It hais been fQUpd th;^ th;^ chemical consumption and 
hence the processing cost is lower for coals of low ash content, fed to step (a) of the 
proce^v Cdals that ^ ^p^cially citable for ;^tmerit in; accordance with the proc^s of 

the present invention have mineral contents that are richer in Si-based minerals and 

■ " .. ..... .... ....... ...... 

pporeir in A 1 -based liberals. 

It.is prefefred^ 

• • n * % - .... .... ^ 

invention is sized such that 100% is less than lmm^ more preferabiy 100% less than- 

' " ■ *• - • - * . ... .-v . . : .. . • ......... 

,0.5mm. The .coal aflsb; pieferably contains a minimum ^ of material, less than 20 microns, . 
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It has been foimd that, y 
* excess amounts of fine material, e.g, less than 20 micro 

Steps (a) and (b) Jof tfie present process subject the coal to an alkali (or caustic),; 
5 ^ solubilized and the clay minerals 

being converted to acid soluble minerals. 

w Jty «?uny formed in step (a) has a coal concentration of from 10% to 30% by 
weight Prefe^^ 

..1" -Tliealk^ 

• 10 ^ of 8% to 20% to 15% by weight (calculated as NaOH 

equivalent), the alkali ^material is preferably NaOH, although other, alkali materials could . .? 
also be used, either singly or as a nn^e of two as more alkali materials: The slurry is 
: heated to a temperature of from ^ 

""Z 1 , ^Pf^^^^S;^eiiod of from 15 to 60 minutes; more prefei^ly for about 20 minutes. 

. ;It has been found that the rate of heart tig thfe slimy should preferably be 
maintained at a rate of less than 2°C per minute in the temperature range of 150 6 C to 
\\ 250°C. - ■; \.[ '':}" '\\ ' \- y * ; \. ■ ■ 

» is prtfer^d in. step^ 
to the desired temperature. - , . , ./ 
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The slutty in step (b) is- smtebty mdn^ autogenous pressure of the 



It is also preferred that the slurry be subject to agitation/especially mild aviation, 
T 5t5R- Xb^ "The: degree of a^tatipn; is irprefg^ly Juch; ttistt deposition of sqdalite 
(Na4Si3Al 3 6i2(OH)) on the process vessel walls is minimis 
25 be achieved by any suitable agitation ^ meaps^ l^^M^1^^Pt]W ih *e art; 



.caustic Sluny .from; 

step (b) into an alkalized coal and a ^mt alkali leachan^ ^ "' 
takes plaice at a.t^perature offrom 5Q°Cto 80°^;.It is 
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•v. fromstep (b) is cooled ^ac«oibg ratieof 1W thm 5°G/minute more preferably le^thmr TZZ'l 

,<-., , w . .. .... ,. . ....,.« .. . ... . % - v . . ........ . ,,,, . ..... " .......... .... . 

. .. Stepfc) may suitably Emprise a fUt^oaifqp: As motioned above; the filtration Z'<1 
st(^ jprefeably is <x>ndu<rtedata temperature of from 50 P C to 80 P G- ^ ; v - 

^ The spent ^ (^ustic^achaiit fihpm st£j> (c) is preferably treated to regenerate caustic 

and recover minerals. For example, the spent lrachant may be mixed with sufficient J 

* • * ........ . ..... ... . ............ ... . . 

calcium pxide or calcium hydroxide to precipitate the soluble silicate tod aliminate iohs 
as their insoluble calcium salts, while simultaneously forming soluble sodium hydroxide. 

"■"*" "■ ' ' * " : .- V.VV . ... .... .... . .... % . . .. . . .... ^ 

pis i^enteratmg Jfee .akadi^ 

amount of acid needed in the -next processing step and hence lowers die total costs of - 
d^neraK^ing the coal. "Jatftei^dT icalpijiim oxide; or hydroxide, the cprr^qiiding 
magnesium salts may be used, or the mixed oxides or hydroxides of calcium and 

:: • ..... - : ... vX .^..., : - . ...... r .. z .„ . , . ....... _ . _ < . ^ _ _ _ 
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- Tlie.aikalized co^ recbveredJB»m step 
alkali. The xpal is prefer^ly w^h^ wifli a minimum of 3 parts by weight of w^er for 
each part by weight of dry coal, more preferably 5 parts by weight water for each part by 
wei^it of dry coal; 

* \. Tb? ailkalized coal fipiri step (c) may also be treated to remove spdalite therefrom 
prior to sending to the acid soak step- The sodalite may be separated from tfie alkalized- 

20 : : J : coal : :by physical methods such ^.selectiye SQteenmg;;h^yy;in^i^^^ float-sink methods, or 
froth flotation. The sodalite may provide a valuable by-prodiuet whilst reducing the 

V amount of acid i^uired in stgp (d). 
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coal frpm step (c); more preferably washed coal from stqp (c), with water or an acid 
solution.to obtain a slurry. The shiny preferably has a roa falls wifliih 

the range of 5% to 20% by weight, more preferably about 1 0% by weight. If the slurry is 
: formi^ bymixihig Mffi 

Step (d) preferably forms a slurry -that contains a inineral acid, more preferably 
sulphuric acid or hydrcwhlonc acid. ; 
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.20 o C i^ 9P o C, ni<)^:p^fe^^ ; ^ ■ ^ « J " 7 „ . 

; The coal is preferably mainterf: in contact vnih the ^ acid solution in ^ ste^ for a \ 
perij&d of at least 20 miriui^s;: iriore p^ftarably about 60 minutes: 

jn one embodiment of Che present ihventiori, the coal in die slurry of stqp (d) is 
^P??? te ?f af * er M W^riate time in st^ (e^ passed to step jfa a more preferred " 
embodiment, the TOaf^actiori from stq) (e) is re-slurried with^watef and acid and brought 
;to a pH of betwera 0.5 and 1.5, more preferably pH 1:0, for a fii^p^d oftime of 
greaterthan 20 minutes, more prefirobly ^out6Q minutes.. 



■ . - . ..... . .. • 



The of p-slunying the coal may be repeated between one ^ and four times! 
Fresh acid solution may be lisfed for the ^^^^ 

Altmijativ%,:the i^slibTUig may comprise a cotihtercurrent mixing stage- w 

Ste P (e) involves s^ar^gthe aci^ 
a liquid ^^tipnr TO may bp achieved using any suitable splid»liquid separation i means 
toown ::to the sfilled pereon^K^ prefei^rif the JS^^ 

acid, it does; ^iiot r^uire w^Wng. After &e stajge; of acid r^slurrying, the 
filtercake may be given • a minimal . water wash such that when the filtereake is re-sliiSnied. 
in^shWatiOT,% 

Mspp acid mT\&. /to regenerate ah alkali sblMon and to bbjbain ^ the 

controlled precipitation of minerals as by-products; For example^ the spent acid may be 
treated wt^calci^i Q^de .fo regenerate a ca^ 



One of these is to mix 

the coal from the-last of the acid soak steps with a solution of water and a polar organic 
solvent: The.pplar prganic solvent is suitably miscible .mtfii wat^ The polar . qrgaiiic 
solvent is preferably an alcohol, more preferably ethanol. 



" o o4iai7777e 

.. . :.•>:■■.-••.■:.- .. v ... ... .... x . 



.............. *.iv{. ...... • v.w «• ...-a .-a : .X.--- •: .. , 

. v - -•>■* ^-:.i- W '-' > : ...... . 

... •--....-:>.. -wvx- ■ •.•:■..*• rt :v.v *.- : \ A . . . ✓ 

** *"* '.v.:-.. -v--. .......... . ... .. ^ ....^ v . C{ . ^, VJV .. . . v . . w . . r . 

* vA> .-"s«:-e :. . . --, . :k ...... - + ... ... > : .. • . • < - . > v - .. \\, 

*' .-.rfxw >~ . .. ; .. „. y ...... ^. XM(K . . w xwc „ ; ^ . ZA J. ...... 

• :- - '^.y : iv ..♦*> -;\xs.-% •:■<■» . ■v"s..:-s .-. .. :; ... . ^.jxsx v» t%V xjo» % 

' ' '•"■"*■ * -«S vwwfc. v. v ,.„,v i«mu ...... v'-:.a*.. *• — *»...- X - ■wO-lminwCX.:. ... v >*. w .... ..... 

R " * '■"-■*•*•-*— ■•*."-*.--%..--*.-. ..W1AVVV.V -s -.v..... . N . .j. ... 

,. . **-%.«-.,. a ».> - A : v : ..w.. • ..... .. .S..^ v% . .. ..-..<. .., AW -\v -v— . "vh"" 

' ■■■ ^ '• ' :w *^ > ■w^w.,... w .,.. .. AV ... . w ........... ....... .. ... VM . w ,.„..., , . ..... . . 

I .. T ,L *. ^Hds intent of W I 

"\ Z1.ZZ :^3 ^V.^^V?® ^.^^^ ac^drsoak. step(s) is preforafily such tfiat the 

'V th¥siii^;ii mate .? 

preferably 260°C to 270°C, in step (f). ^e shiny is ^ preferably ^kept at^perature for a ~ 
^mod of.b^em^y£auteiiul'<K) Tmhirtes^more psefaabiy^out^ minutes. 

The slurry ^of xoal/water/poiar organic solvent is preferably heated at a hea^ 
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The pressure" of the ^slurry ^ is such^ ^ The slurry , is" 'L 

prefer^ly headed un^ specified- 
above, the autogenous pressure is approximately 8 MBa. \ 

I ^ ent ^ oned above » * e presently preferred polar organic solvent is ethanol. It is T. 
r^: ^ iftbc«$ with ;mel^;to^ - 

50%eAanorin water solution T 2S T. 

Option 1 of the hydrothermal washing stage reduces the level of the Na* Si, Fe 
and Ti^biit.if is primarily actiye : m Si. If only J^a is required ;to be 

reduced, ^ the temperature used in the hydrothennal wash stage can be as low as 10^G, 
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mvolves mixing ttie coal 
from the acid soak step(s) with an aqueous solution of an organic acid. Citric acid is 
pr^ently thepreferr^ org^ ; . 

atid (hydtated 1)^^pmpre^ %irt 1 Q% : by weight. The TO^c^c^tratipn jji 
ftesiunyis.preferablyin^ 

b y Veigftt Ttae rdujiky is prtf^ly li^f^ to a temper^ure of between MQ°Q ^280°C^ 
^f^f^^^ pressiffe shouid be maintained at a level., « - 

sufficient to prevent bpi^ suitably the autogenous p^urrwhich, for 

is" approximately 8 MPaT .The sliu^ is preferably : 



ihv - ••■.-.••:>- " . w% -■ ...-: w .^.<k . , . w _ _. r . ... _ ........ 



• -- • -v: .x, . 



A .> • ••■v-.-4-.v- . -♦. %, -vi. .«.v .. v . - . A . v.w... .-. .<:.-:•• • .-■-.-:. . . .„.-. : . ... . . , .v.. .-. . ..- ..... 

..• ...v . • v.x • ... . •.-.<.. . .a™ . vs/.w..: .w .... . ; v . w ... ... . .... ............ ..... „ 

—w.... :v w- .v. ........ ^ ...v^-v- . ..V....-M a- . ■ ,:,w.v{ • .*% (A/*> ... x-: - «... ... V , A A> 

. ".V .V.-.-.-... WW WW v...- %WW A ..A ■ -W". ....... VA ..... . ..... , .., .... w „. ............. ...... „... ... . 

. ^' -v-v;- vw:::y.»- ->v«:- -^'..s :-.:^:....:' A v^k^^.v :s ju;^... .... -->«:—..■„ .:.'*•:•:♦-♦-:❖ - : - : .. .... .^.y.. ... 

<. a. :.- .«:::-•■ . .%x • ■ : •- ■ • v • .. % :->:, y : . * .... ■ : , K . .* . • x«: .v* * -: ■• .\ :> ^ - V. 

:; rrr"!^;j*^^?v3^ v^^g^ eo minutes, more^ 

preferably i&out 5 minuted Thie sliiny is preferably 



^ - . > W anofter^ 

5 temperature of between iS0 9 C and 160*0? Jn Sis embodiment, Na and Fe will not be 
removed. '.T... " . T\ '.' : v ". 71 * .. 
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Without wishing ta 
\. two.mecl^ 

■ the ash content, these being: -..w..;,^ ..V V ".V. 7.7 77. 

10 7 ,7 (% 7^ 
7.7 of step (d)!^ of between .1,5 and 2.57 This promotes further " 

mineral dissolution; 

7 ,Z. 7 00 7 U . is ^ 

, : coal arid the alkaliiin 'i^s.^^and <(b)^In the acid "soak step(s), these humic ^ compounds. . .7. 
15 "collapse" and tie up some of the Na. In the hydrpthermal washing step, option 1, the 
alcohol allows the h^ 
phase ^ following alcoto 
, closed loop recycling stq>, thus to consumption,, hi op>tion 2, flie citiic 

acid facilitates release of the Na fix>m thie hu^ - 

2fi; Step (g) .df the ^ of the present inyehtioh mycilyes separating the pdal from 

the mixture or slurry in step (f). This solid/liquid separation may be achieved by any 
me^ lmpYai to be suitable by a persdii 'of skill iii .thejrt. FHtration iS preferred. 

.. .. It is preferred that the co& .rero^ (g) be washed. Preferably the 

washing uses a minimum of pne p^ qfclean water for each part of coal, by wd^ht. 

25 The prpcfess in accprfatice ^^;tto-J^;^j^^f^e present iiiventiph can 

produce a demineralised coal.lprbduct having.^ 

weight. The; process also teraoyes Na Sofa ffie ;^& ^mas it is beUeved JbM ttte ash ; 
fiision temperature of the ash remaining in the coal is also advantageously increased by 
the process: The ash fusion ten^^tim^ deimheralised coal is to be 
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demineralised eoal ; having an ash content of less than 0 2*A : by ' wdjgjht preferably fiom 
0.Q1% tdT0^2%:j>y weight,; with trials: inyolving some co^s acj^eving;^^ 
P G1 % *>y weight Steps (a) to (e) of this process of the first a^ect of the invention are 
capable of p^ ah ash cbnt wt as low ^03-0:4% by 

.. . v/ ^ i ^ lt : F ? r .? OI ^ e "i 5 ^ ***** c 011 ^ ^ acceptable and the further processing of the 
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Accordingly,; in a second aspect, thie^ present ^ invention provides a jjrocess for 
#^ CT ^?ing coal comprising steps .(a); to (e) of the process described witii reference to 
■-the first aspect of ^the present inveation/ IV.,.'. 

^. ^? h y^^5^^:^ h^s. also been shown to reduce the ash content of 

;ffi^b#; ^ v^Hing^t^e c^n be ^d as a stage it 

(a) to (e) as described with 

:.inyehtion. 



.Accordingly, in a third aspect, the present invention '. provides a , process for 
deminCTalising coal comprising the; st€^s of alkali digestion followed by acid soaking and 
wherein coal fix>m the acid soaking step is subjected *d a! further step as described witti 



20 



The d^tier^js^ coal is pref^Bly ^j^jted tp a ^ biriderless briquettirig process;; 
to form a final product of enhanced handleability. ' 

Brief descrip tion of the drawings 



25 coal in 



Figure 1 is a process flowsheet^f m ^bbara^ for damneralising 



Figure 2 is ai process flowsheet of 6ne embbdiiSient of the acid soak step of Figure 



1; ■■' 
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of Figure 1; ..... ... „ ... . ,. v 

Figure 4 is a process flowsheet of an embodiment of a process for demineralising 
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^8™^ ^ is a Process flowsheet of an embodiment of a process for demineralising 
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Detailed description of the drawings 

for the purposes of illustrating preferred embodiments of tHe' invention. . Therefore, the 
IPY^tipn should not be considered to be limited to the features shown and described with 
reference to the. drawings. 
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A flow sheet for a demineraiisation process in accordance with the present 

" ' ■' ; ' - ■ ' -- . ....... ............ . . .... . ... x „ f\- . 

invention is shown in figure X In figwe l^ a slurry.; ! 1 of coal and caustic solution is fed 
to a ca «stic digestion vessel 10. (Sausnc digestion vessetlO is suitably an autoclave ora 



- .- ■ 
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The ^ caustic, solution 12 that is fed to caustic. digestion vessel. 10 comprises a 
sodium hydroxide solution having a sodium hydroxide^^^^ of 13 to 15%: The 

coal .;il/&d:.s^iuin % hydroxide,^ 12 &e fed to caustic digestion vessel 10 in 
amoimts such that a slurry containing 25% coal is achieved^ The caustic digestion vessel 
10 is stirred xisuig a 'sui^^^^^.ta^s^ in niimm^g or 
of sodalite on the walls of ^the vessel. - 

The slurry of coal and caustic solution; in vessel 10 is heated to a temperature of 
fioin 220 to 250 6 Celsius. The sfimy is maintained auhis temperatoe for a penodlftom 
15 minutes to 60 minutes, with 20 minutes being especially suitable. The slurry is 
maintained under autdgraous pf^ 

■■"■*• . . -.v...;.,,. . ;> . . ..... .... ... ^ . . v . ...... 

The slurry of caustic solution and coad: is heated sucfi ! that Ihe rate of increase of 
temperature does not exceed 2° <5&Mus per mnutie when * coal falls 

within the temperature range of' 150'to j^Cd8i^li^-'•'^.'^^V^ , ' 
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"JT *"> After the '^uifedi^idmce time;im:passed^'.;&e slxmry is cooled at a conoling ;"iate: . ^-Za- 

^ T". »" of le^.than 5° Celsito ^ V ^ . 1 

whilst the temperature is in the range of 240 to 150° ^isius-.-the slui^ is ranoved &om 
. . ^u^c aig^tin 'y^^ into filtration imt ^ ; ™": K Z 

5 • may be any suitable filtration unit that can achieve separation of coal from the caustic - 
. solution- Kelt filters; arid drum filters " are especially useful, irwill also be appreciated 
that other solid/liquid separation devices may be used hi place of filtration unit 20. For 
^mpfothickra^.^^ : 'a,"\J:'. 

The spent caustic solution 22 recovered from filtration unit 20 is sent to caustic ■ - 
10 tt^very 24. In caustic recovery ^ solution is regenerated. Fot 

. exianiple, the spent caustic soIutidn-, : may.' be • contacted' 'wiih" 3aJcium oxide^ calcium 
hydroxide, magnesium oxide or magnesium hydroxide to precipitate minerals therefrom 
and regenerate sodium hydroxide. The ^ regenerated sodium hydroxide can be reused. 

■ ' The alkalised coal 26 is then washed with water in water wash vessel 30: - Water 
15 w^h vessel 30 may be any suitable "vessel for mixing liquids and sohds.. Altenl^ 

and preferably, water wash 30 is effected by washing the filter cake on the filtration unit 
20: In this regard, if a Mrfiltier irii^d, a filter cake comprising alkalised coal and 

' * *•' * - ' . •: ::-.--.-.:*: . . . ............ . ... . . , A ^ ^ . .... . ..... ....... . .. . . ... 

- residual caustic solution is formed on the filter belt, litis 
wash'water 32. ^jthe filtiw <^ai^ 
20 is removed as removed waSh i water 34- The wash water 34 may also be sent to caustic 



The washed; filter cake, ^mptisihg washed alkalisiad coal 36 is . then . fed to the 
' • ■ ' acid soak process 40- In the acid soak process 40^ alikalised coal from filtration unit 20 
and wafer wash 30 is mixed wi^ water to give a slurry concentration m^ ot 5 to. 

25 25% by weight coali preferably 1 0% by weight coal; The slurry is acidified with acid 42^ 
. preferably sfulfiiric ^cid, fe \6bt#fija^ 

The temperature of the acid slurry is maintained in the range of 20° to 90% more suitably 
in the range of 30° to 60° Celsiuis, for a period of greater than 20 imniites, It has been 
found that 60 minutes is a suitable time for maintaining the coal in contact with the acid 




■ -"■ ■•■>*■ ^* ." ■* • - - ... w ■.'..»..••..: - + r >. * . • - . : •.. ■ 

t * QQd 27 7 77 8 ' " % " .Arflmw.JWnfc... vw.- ♦ . < v. .• -. - "V • • ••.-««.. . AA .»n. ^ v -.- ..via.. .. v . • «... w «v v«%.v . ... 

: • s" • ✓ --:':-«>::x-... . . ... ^..v v- . --•■k-x .: >•■« ✓ v*x. •• ^.::x.-xx.x: . . . v - •>.• >.....->.. - c . % .., 

' W*' ■■ ' "•A'VV.V*- •• - .. ■A-AW>.- . ... . . v..-.-. j. ■ ............ . w. w-- ■ «WM... - v .." ..... 

• s • • ** • "•* ■ ■ ' ■** • V.vA«1*'%...... . ..j-. vw .v ' <--." ..... . -w-.. -w.. -....v *• -'v- - ..v.w. ,v. . . ........ ....... . ........ 

% <r. .-v.-.-. -.v/-. . .•■.(•v.-:-.v v " rw.v .. .•_..<■.-..-•'. .-x ....... .-.->... • aw.. . -• -- ... ....... : . w - ... , VA . .-.. A(w .-. 

...... • w .- s < — :-w . . ...v.-:. - w ^..v^vw-' ..,v.. .■ -v.- ...... : .... • ..v v -.■■>•. " v.w - - ".v.w A :-• : - - ..... .... . Vl ... w . .. . 

♦ ■.. ...v.,av . .■✓v- .■Ni-^'-y-v . .-. •* - . * ...-..-..>...••:■••.• - • ........ ..w ...^ - . --~--w.. . ... ...v^s. . -. -. A ,. v • . •-■-> .-: . .,..».....; ; v . 

• ...:--->:.-> • ^« :<?x.:-::-:<-: >■*-••:.• •.*'% -■ .-.><: -::c-— -.:•-<'--:.- •••■.::>::-••-:. :x: -4^- ... . •> : < . ,. A .. S . s .. ^ : . v • < <•> : 

.... .... ... .... . : .x-v. .--•:•:->•..•. \. -•.:.«-•-•.: - v ' -• : v :: ■• • vvw. .. ... :- . .-• • .- ;:•.»- . . :-> :. . : ■<. •- 

- w solution^-' " coal ; should^ be a^tatcd- to • proniote^mixiiig 5 "- of -the cosl with the acid " ^ - ^ -.1 

»«.-* x ... The acid wash soak process 40 may comprise a single: contact between the acid ^ 
'.. .;• " .r jsplutipn; %d:^:c^r H^ preferred thCM:^cid SQ&;m<x*s MwlVpsr^ 

■5 • contacting the coal wi& acid soiution more A 

. with" the acid ; sM outlined . 

abovei The coal and ^ acid solution are then separated ^ and tihie coal further contact with 
acid solution bn"ohe orrmbre .QTO Figiireis 2 imd 3 sho^^ of 

some possible embodiments of the acid soak process 40. 

W l . ; ;A^ 40; the coal and add solution separated in 

separation unit 50. Separation imitSOissm 

oradrumfiltCT. The spent>cid solution "7;/ 

J ..L.'. T ; The ijecov^al cbsil .54: is ffieOubjected jfo a water wa^h 60. Water wash, 60 is 

^itably achieved by spraying the filter cake of the belt filtCT or the dnim fil^ with a 

15 . wash wafer 62.. ..The wash water, is.rembyed from; the filter cake through the filtration 
unit^ and the removed wash water is shown as reference numeral 64. ^ 

The washed filter cake 66, which comprises treated coal and a small amount of 

... • ■ . ..... ... . .- ....... ............... ...... ... . ..... . , ........ 

. residual acid solution, is then passed tolhydrothermal washing.process ^ 7^ /The washed 

/ cod| : ;66 tliat is : proyid^ to hydrotheimzd washing process 70 has residual acid present in 
. 20: an amount s 

liquid phase will be approximately 2; 

; . r^ hydipthemd^w 

co^JPrefCTabiy,tlie. waters ' . 

j^ater is % obtained. The amount of water, ettianbl and coal fed to the; hydrpthermal 
25 washing process 70 is such that a slu^ 
acMeyed. Smt^ly, the w 

...hi a. mosi preferred 
hyctotheimal wasWn& 
^.^ially 260 fo..^ 
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^ :'Z J . " . I, . Celsius per mnutelOTd: 20? Celsius periiwnute. Heating Is CQndiict&..^ ....... I. .> , s 

■X C P*^^ ^^^?HSfe:!^^^^^ preyent^;_ At the maximum t^jjeratures readied in the v 

' '..t"w. hydrotfiiem ..^ ' < A ? ^>| 

V ;;;; ; .T;Vjr^l, ^t^ S^uSt^ 

5 -minutes, suitably 5 minutes. Under these conditions, the hydrothermal washing process 
/'ftp : levej of jsoffium^ silicon, iron and titanium in the ;coal, with the primary; 

silic 

If only sodium is required to be reduced in hydrothermal washing process 70, the 
:: .ta^erature used the hyd^&ermai; wash stageV cah be as low as 10° : Ce^ 
10 / suitably ambient temperature. - - •• - 

The slurry ^ from hydrothem process 70 is passed via line 76 to ; 

filtration unit 80, la filtration unit 80* the slurry from the hydrothermal washing process 
/ is sep^ted info afcoal fiactron 82 and a liquid fi^ticm 84. The liquid fraction; 84 may be : ' \ - 
sent to ail ethanol. recovery unit 90, which is.suitably a distillation column* In ethanol 
A 5 . .. . recovery unit 90, the liqiaid flection 84 is split into a water rich fraction 92 and an ethanol 
. : rich fraction 94,: Ethanol rich fraction 94 is suitably returned as stream. 74 to the . 
hydrothermal washing unit 70: 

.*..,. The coal fraction 82;is gashed in washing process 1QQ using fresh wash water 

102. The wash water is removed via stream 104 and a recovered ultra clean coal product 

•20'-;-:, ljQJs^boy^d. . ;- : -ri,. . • :: ; : r 

! The . ultra clean coal product, is preferably subjected to a binderless briqiietting 
process to produce a product having enhanced storage and transport properties. 

The^ .jultta clean cofpjj | product recbveri^l fi^m j^e p|b^ss shown in figure .1 will' 
, ^ typically have an ash content of between 6.01 and §2Vo by weight, with an ash, fiision / 
25 temperature sufficiently high to enable use of the ultra clean coal as a fiiel for gas 
turbines. When the ultra clean coal is used ^ turbines as part of a . 

gas tiiAine cx)mbiri 
. .the greeohoiwe gas emissw 
power st^o^. ^en to 
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. taken .into ai^unt, gr^nflbLpusf gas^ emi^ipm stUI; reduced -;by;njwl^lO% on.an 
- * ■ ■ overall- life-cycle basis;- ■■ • - ■ • ■ ■ •• - ~ •■- - ™ ■■ 

As mentioned above, the acid soak process 40 may comprise a first slmrym 
1 "the coal with an ^ 
5 ; times. ; JFigiure 2 shows one possible flow she^t for the acid soak process 40. In figure 2, 
: the alkalised coal 36 is fed to a first acid soak vessel 4 40^ An acid solution 142: is mixed 
with the all^ised cod in vessel 140 for ihej .d^i^^^^^ti^ and under ttie desired: 
temperature conditions. The acidified slurry of coal 144 then passes to a separator 146* 
The spent aci^ . 
. 10 - fed to second acid soak vessel 152. Spent acid solution may be sent to caustic recovery 
step 24 for NaOH regeneration and recovery of rrtoerals. Fresh acid solution 154 is ; 
mixed with the coal containing; fraction in vessel 1 52 under the required conditions. The 
Acidified slurry 1 56 is $ent to second separator 1 5$: The : acid solution; 1 60 is mhoyed arid, 
the coal containing fraction 162 sent to either separation unit 50 as shown in figure 1 or, 
15 if further ' is'^ltuiTing st^sjMe required, sent to a further acid ;;i|0ak ^ vessel 164: Broken ; . 
lines 165 indicate that the sequence of soaking with firesh acid solution followed by 
; s^arationmayW " l : 

;. In vessel 1 64,; the coal, contain&ig fraction X$Z is mixed with fresh acid solution . 
1 66 for the desired time and under die desired conditions; The removed slurry 44 (which 

2Q ;!;; x to 

wash 60, which coirespond to the re^ective separator 50 and water wash 60 of figure 1. 

The re-sliirrying of the coal with fresh acid solution preferably takes place 
: fetwMnbne and four tiine^. A 

Figiure 3 shows an alternative embodiment of the acid soak process in which a 
25 . . iiumber pf contacts are made between the acid solution tuid the coial fraction. In jBgure 3, 
the acid soak process is achieved by a multi stage, counter current contacting-betweCT the 
coal and the ^cid solution. . TOe ;prcft^;;;in^ cpntactmg tlj^ coal f^tion ynth the 
. acid : solution in a number of contacting vessels 240, 242; The broken lines 244 indicate 
that tiiere may be more contacting vessels than th££vo shown in figure 3./.TTie;cod 36 is 
30 : fed to contacting vessel 240^ Th 

• •• • ■ • v •■•..*. * • y ••• - v j*. v .. ■ . ... : -x .. • - • .. . ..- . v.. - 

• • *• ..•.•».•■••.<.»•■ . ■ ' • ■ ". >^..^.--.< ■ x . • ... -:."x *: r-v. ■• . . - ^ , ■•• • -x. 

■- ■• • - • ■ • • . - - ..... . '• .-'V. A ..... . -V . .... 

' .jv. . . '.. '■ . V • - .... -J- . . W.... - . .f • • » ..." W..^.. \. .« . t • f • - . . . ... 

. - . ■ . . . • , f .- • . • - .r.w. . " - ' • ' •" r . ' -.. 

V. •..-.*»..• - . . .... . s. . * ■ • • » %•-».'...-. • .s , %•-.*." f.f - >.., ■ • • - 

. .". ,- -.- ...r * . *» * * ■ S. ■ -.- ............ . ......... , - . ..J.. „-,.awv - * ■ 
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T -:: vU> < . rontactihg vie^sel .242, Me cdal coniaiiiing^ 24Dis . 

then to either sepa^ l) or to;pne*or more furthei "* 

contacting vessels (not shown). .1,,,,*.;,".,,,..' . ..T^-'.-l .l! v ^ 

■< -:.«..» , . ^ Similarly, fresh acid solution 260 is fed to the downstream contacting vessel (242 : 
in figure 3).;^ 

' 240. The liquid fraction 264 from contacting vessel 260 is removed. The spent acid 264 
. may b& sent to .caustic "regenerati . '.U* 

and recover precipitated minerals. 

' ' . Thjl prfcless shown in fijgure 3 may utilise any apparatus known to be suitable to 

10 the man skilled in the art for counter current contact between solids and liquids. Such 



,.3igure.4?^6w.a flow sheet of a process in ac<x>rdance with the second aspect. of 
the present invention. For some uses, the coal product obtained from water wash 60 
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the hydrothermal washing process. Therefore, the process shown in figure 4 is essentially 
identical to that diown ih figure IV except that the coal fraction. 66 from wat^ wash 60 is 
not fed to the hydrothermal washing process, but rather goes to water wash 100; where it 
.is washed With wa^h water: 1Q2 to obtain an ultra clean coal product ^110/The itttra clean 
coal product 1 10 of figure 4 will have a somewhat higher ash content that the ultra clean 
: c£al product 1 1Q of figure 1 . '; . " 
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[in figure 4 areessentially identical to . 
those of figure 1 and the same reference numerals have been used in figure 4 for those 
Tfiabires. !7 ' . , ; . 

Figure 5 shows a flow sheet in accordance with the third aspect of the invention^ 
In the flow sheet shown in figure 5, the coal 300 is subjected to a caustic digestion 302, 
and then to an acid wash or acid soak stage 304. The caustic digestion 302 and acid wash 
^jge.304;pf figure 5 may be the same or different to the respective stages described, with 
reference to figure 1. The coal fraction 66' from acid soak 304 is fed<to a hydrothermal 
washmgpipi^ by sepiaration in filtmtipn unit .80' into a liquid fraction 84' 
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... Z rTTr:.. J.r:*<^^:'»htaraftg ^gpn 82'1^ ultra clean coal 
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; • producH QO 1 is recovered. The processing stqps and conditions- of hydrothermal washing 
'"'•■< 5 ^ . process 70! shown in figure .5 is essentially identical to tKe hydrbttienriai washing process^ 
70 with reference to figure 1 . 

, Tffiose ^Ued in the ai 

<• subject to variations and modification^ ftisnoted 
... .7 that the hydibtheto use s an piganic apid: ix^te^i of the ppjar 

*® organic solvent, with citric acid ^ing preferred. If citric acid is used in the hydrothermal 
washjuig prptess, ^ jgrst 
aspect of the present invention and the ethanol recovery process may be omitted. : 

"The particular apparatus used in the present process indudf^/ my suitable 
.. apparatus known to thie... person skUl^ in the art. For example^^ digestion: 

ves ? e ! 1® ma y comprise any suitable reactor including tubular concurrent-flow reactors, 
. stirred autoclaves operating batch ..wise, or with continuous Inflow and outflow, in single, 
or multi stage configurations, or counter current ; or cross phase systems. As the apparatus 
:thatn&ybe^ 

y of skill in the art. It ne^ not be described further. — ■ 

20 It will be understood that the invention disclosed and defined herein extends to all 

alternative combinations of two or ^ more of the inividu^ features 
from the text or dray^rigf All of these ^ different combinations constitute various 
alternative aspects of the invention. 

Dated this 1st day of November 2002 
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UCC.Eifefgy Lihiifedi 



by its attorneys ' , * 
Freeh ills Carter Smith Beadle 
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